Abstract: Reports about relationship on renal function and vancomycin exposure are conflicted and limited. Goals: To identify if high serum vancomycin levels precede changes in serum creatinine or if it is secondary to reduced glomerular filtration and to analyze associated clinical conditions. Methods: retrospective cohort study, initially of 56.555 measurements of vancomycin levels from 511 patients admitted from December 2011 to June 2012 was analyzed. Patients with uncompleted dates were excluded and the correlation analysis was performed in 127 patients that were divided into four groups based on vancomycin levels (20 mg/mL) and creatinine (1.4 mg/dL) levels. After that, 80 medical charts of these patients was reviewed for the presence of comorbidities, sepsis, acute kidney injury and use of other nephrotoxic drugs. Results: there was a significant increase in vancomycin levels, when creatinine > 1.4 mg/dL and vancomycin ≤ 20 mg/mL (Group 3) on the first measurement. It was identified there was a significant association between creatinine > 1.4 mg/mL and vancomycin > 20 mg/mL, n = 7 (Group 4) in patients aged 50-59 years. Acute kidney injury was present in patients with previous higher vancomycin levels. Conclusions: Impaired renal function occurred before vancomycin levels measurements were taken, influencing the serum levels of vancomycin in the following days. In these patients the elevation of vancomycin did not lead to a worsening in renal function. There was a positive correlation between elevated creatinine 
PUBLIC INTEREST STATEMENT
Acute kidney injury is a serious complication of hospitalized patients that increases mortality and costs in the hospital. This terrible complication has many causes, including using of antibiotics to treat hospital infections. This article discusses the use of vancomycin, a broad spectrum antibiotic often using in hospital and their relation with acute kidney injury. This complication can be evited if vancomycin levels had be controlled but maybe other clinical factors can be associated, as the presence of another concomitant disease. For this purpose a retrospective study in a large hospital was done and found that the presence of a chronic kidney disease before increased the vancomycin levels was more important than only monitoring of vancomycin level, which costs and value needs more evaluated with controlled studies.
Introduction
Drug-induced nephrotoxicity causes one third of intra-hospital AKI cases. Traditionally, drug-induced nephrotoxicity has been defined in literature as an increase of 0.3 mg/dL in the creatinine level (50%) above the base level or 50% decrease in creatinine clearance from the base level on two consecutive days, in the absence of an alternative explanation. Risk factors for the development of nephrotoxicity include: old age, female, having nephrotic syndrome, underlying chronic kidney disease (CKD), intravascular volume depletion, exposure to multiple nephrotoxic drugs and/or for an extended period of time, metabolic alterations such as hypocalcemia, hypokalemia and hypomagnesemia (Minejima et al., 2011; Perazella, 2009) .
Vancomycin is excreted almost exclusively by the kidneys. Between 80 and 90% of the drug is excreted through urine within 24 h of its administration in patients with normal kidney function. About 5-8.5% of vancomycin's depuration is extra-renal, possibly by hepatic conjugation. Vancomycin's renal depuration decreases in a linear matter with the glomerular filtration rate, which represents a half-life of 100-200 h in anuric patients (Marinho et al., 2011; Pea et al., 2009; Rybak et al., 2009a) . The use of serum levels as a guide for administration intervals resulted in a safer usage of vancomycin, avoiding complications related to nephrotoxicity. Latest data suggest a higher nephrotoxicity rate with higher vancomycin levels than 15-20 μg/mL recommend before the next dose (Carreno, Kenney, & Lomaestro, 2014; Gupta, Biyani, & Khaira, 2011; Hal, Paterson, & Lodise, 2013; Levine, 2006; Lodise, Patel, Lomaestro, Rodvold, & Drusano, 2009; Tattevin, Cremieux, Rabaud, & Gauzit, 2014; Tattevin, Saleh-Mghir, Davido, et al., 2013; Vandecasteele & De Vriese, 2010 . As regards what was found, the results and conclusions of this study will help in the assessment of the incidence of vancomycin-induced nephrotoxicity in hospitalized patients and to identify whether high concentrations of vancomycin precede the increase in creatinine or if they are secondary to the reduction in the glomerular filtration rate, which may be useful since there is an increasing need for higher doses of the drug. Furthmore, there were few reports of a direct causal relationship between toxicity and serum concentrations of vancomycin, with existing conflicts regarding which is the preceding factor, as mentioned above.
The objectives of this study are: to evaluate the incidence of vancomycin-induced nephrotoxicity in hospitalized patients, to identify if the high concentration of vancomycin levels precede the increase in creatinine or if they are secondary to the reduction in the glomerular filtration rate, to analyze which clinical concomitant clinical factors can influence the nephrotoxicity of vancomycin.
Patients and methods
A retrospective cohort study was done, initially with 56.555 measurements of vancomycin levels from 511 patients and their correlation with the creatinine levels in hospitalized patients, admitted between the period of December 2011 and June 2012 at Hospital do Servidor Público Estadual de São Paulo/SP, Brazil (HSPE/SP). Vancomycin levels specimens were drawn during that period and were sent to Biochemical Laboratory of HSPE/SP. Patients with uncompleted dates, under the age of 18 years, with Chronic Kidney Disease (CKD) already on dialysis, those who had less than two serum dosages of vancomycin levels and/or creatinine, since that would render any correlation between doses impossible, were excluded.
After that, we identified 127 patients who had more than three of their vancomycin levels specimens taken and their creatinine levels also analyzed, obtained from the laboratory computerized system and were confronted to identical alterations, that is, the same as the ones of the creatinine serum levels on the day of the vancomycin levels dosage and if it was already altered (Cr > 1.4 mg/dL) prior to the increase of toxic levels present in the vancomycin serum (>20 μg/mL) taken during the valid period established by the institution's protocol.
Patients with kidney lesion were identified in the laboratory data base when the creatinine serum level was over 1.4 mg/dL and with high vancomycin levels over 20 μg/mL.
For the correlation analysis, 127 patients were divided into 4 groups: Group 1 (Cr ≤ 1.4 mg/dL and Vanco ≤ 20 μg/mL); Group 2 (Cr ≤ 1.4 mg/dL and Vanco > 20 μg/mL); Group 3 (Cr > 1.4 mg/dL and Vanco ≤ 20 μg/mL); Group 4 (Cr > 1.4 mg/dL and Vanco > 20 μg/mL), as described in Figure 1 .
All patients used 1 g 12/12 h of vancomycin IV, before the dosage of vancomycin levels. Correlation between the vancomycin levels and creatinine levels was done, the denouement involving the recovery or absence of renal function and mortality through the information chart system. Patients' renal function was evaluated using the serum creatinine biomarker, taken using the enzymatic whitemetric method (Jaffè without desproteinization), using the hardware ADVIA (SIEMENS, Berlin, Germany, 2003) .
The vancomycin levels were established in the Biochemistry Laboratory at HSPE/SP, through chemiluminescence, using the hardware AU 5800 (Backman Coulter). The therapeutic monitoring of vancomycin process involves determining serum levels at minimum levels (vale) as established by the institution's protocol (Rybak et al., 2009a) .
Before we started the data collection, our work was submitted to the Ethics Committee of the HSPE/SP After its approval, the data collection was requested and authorized as was the evaluation of the patients' charts.
After carrying out the first correlations between serum vancomycin and creatinine dosage, 80 medical charts were reviewed to check the influence of clinical data in the alterations, such as comorbidities, sepsis, exams using contrast, and the use of known nephrotoxic drugs such as aminoglycosides, polymyxin, amphotericin B and Nonsteroidal anti-inflammatory drugs (NSAIDs). And the age groups were characterized to better analyze the influence of age in the correlation between increased creatinine and vancomycin levels. The age groups were categorized the following way: up to 49 years; 50-59 years, 60-69 years, 70-79 years and above 80 years.
For statistical analysis, non-parametric data were expressed as median upper and lower quartiles and compared using the Mann-Whitney test, for two samples and two moments the Wilconxon test was used. Continuous data and semi-continuous data were analyzed using the Pearson or Spearman correlation test. The χ 2 test was performed crossing variables such as: gender, age, comorbidities (such as hypertension, diabetes), presence of sepsis, use of aminoglycosides, polymyxin and the diagnosis found in the chart of CKD and AKI with the correlations between Cr (≤ or >1.4) and vancomycin levels (≤ or >20) levels. The significance level was set to 0.05 for all of the tests; the analyses were performed using SPSS version 15.0 for Windows (Statistical Package for the Social Sciences, SPSS Inc., Chicago, IL, USA).
Results
The laboratory correlation analysis was performed in 127 patients. From those cases, patients mean age was of 64.7 ± 13 years, 59.6% were male and 40.4% were female. The average level of Cr in patients at 1st dosing was 2.38 ± 1.95 mg/dL. The average level of the first Vanco measured in the group was 22.9 ± 18.5 mg/mL. The number of deaths that occurred during the study period in which vancomycin was used was 21.6% (Table 1) .
After applying the correlation test between the first dosages of Cr and Vanco and on the subsequent dosages, it was observed that the correlation was significant when the Cr > 1.4 mg/dL and ≤ Vanco 20 ug/mL in the first measurement. In the 2nd, 3rd and 4th days following dosages high levels of Cr and vancomycin were maintained and after the 5th dose there was significant correlation loss.
This results show that 31% of patients presented no change in renal function (creatinine ≤ 1.4 mg/dL) and no change in serum vancomycin (Vanco ≤ 20 mg/mL) levels. Whereas 27% had no change in renal function, but showed high levels of vancomycin levels (Vanco > 20 mg/mL). It can also be observed that 20% of patients presented changes in renal function (creatinine > 1.4 mg/dL), but did not present elevated serum levels of vancomycin. Finally, 22% of the studied patients presented alteration in renal function and high levels of vancomycin levels after the first dosage measurement. It was shown that 42% (Groups 3 and 4) of the patients presented a change in renal function (creatinine > 1.4 mg/dL) after the first dose, which no longer occurred after the 5th dose.
From the medical records we found that other nephrotoxic drugs were used, the most prevalent being: aminoglycosides (74.3%) and polymyxin B (21.4%), yet none of those drugs were correlated with the increased levels of Cr or Vanco levels. We found a significant association between Group 4 (Cr > 1.4 + Vanco > 20, n = 7) with patients in the age group 50-59 years-despite those in the age group between 60 and 69 years are more often those without high Cr-with Group 1 which presented a low Vanco (Cr ≤ 1.4 and Vanco ≤ 20, n = 11) as shown in Table 2 .
Males were more associated with Group 2 (Cr ≤ 1.4 + Vanco > 20, n = 17), as men had higher vancomycin levels without presenting changes in Cr levels. Patients with sepsis had the same profile CR ≤ 1.4 + Vanco > 20, as in males. Evolution to death was not significant with the laboratory correlation of higher Cr and increased vancomycin levels. All the data between laboratory and clinical correlations are shown in Table 2 . After reviewing the 80 charts, we observed that AKI was diagnosed in 65.7% (n = 46) of cases, as shown in Table 2 , most being in cases with high vancomycin levels. A binary logistic regression of the analyzed variables was then performed and proved to be significant with the Q-square test (gender, age, presence of sepsis and AKI). It was observed that only medical diagnosis of AKI present on the chart was significant with the correlation between Cr > 1.4 + Vanco > 20, which means Group 4 (CR > 1.4 + Vanco > 20), was the group that had actually been diagnosed with AKI (3-fold) as shown in Table 3 . 
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Discussion
This study analyzes the direct causal relationship between the nephrotoxicity and serum concentrations of vancomycin and examines the temporal sequence of events involving changes in secondary renal function after being exposed to vancomycin (Rybak et al., 2009b) . These results show that deterioration in renal function is a risk factor in elevated vancomycin levels. Past studies have argued that pre-existing renal dysfunction is associated with an increased risk of nephrotoxicity in patients treated with vancomycin (Carreno et al., 2014; Minejima et al., 2011; Perazella, 2009) but no studies that we are aware of mentioned the possibility of high levels of vancomycin levels being directly related to previous renal injury, not just with the nephrotoxic effect of vancomycin.
Our study initially showed that previous renal injury only increased the vancomycin levels with no association with its nephrotoxicity. However, high levels of vancomycin in patients with previous renal injuries ended up exposing them to greater amounts of vancomycin, thus generating greater susceptibility and also nephrotoxicity. It eventually turns into a vicious cycle where we have a history of renal injury, an accumulation of vancomycin due to this injury, with a slower elimination, raising vancomycin levels, increasing exposure to nephrotoxicity, worsening the renal injury. These two factors combined, prior renal injury and nephrotoxicity have the potential to further increase the vancomycin levels. So for a more efficient control of those patients who have an increased risk of toxicity due to pre-existing kidney damage, doctors need to consider reinforced monitoring strategies, such as daily creatinine levels, strict control of diuresis, and more frequent analysis of vancomycin levels (Carreno et al., 2014) .
The correlation of elevated vancomycin levels, described in the results as being positive for those who already had change of Cr at the first dosage, appeared after the 5th day of dosing measurements, suggesting that the drug dosage adjustment according to renal function alteration or its suspension could have occurred and impacted the levels of vancomycin levels.
Most hospitalized patients who used vancomycin were male (59.6%), but that does not mean that they are more susceptible to nephrotoxicity, but that they were suffering from other conditions which required this antibiotic. According to Perazella (2009) , women are more susceptible to nephrotoxicity, thus being a risk factor however this was not shown in this study.
The large majority of the patients were elderly, with 60 of the 80 subjects analyzed in the study aged ≥60 years, which shows a greater susceptibility of this age group to conditions that require the use of vancomycin, meaning infections caused by more resistant microorganisms. During the analysis according to age group, there was not significant association with older age (Table 2) , which means that just being elderly makes you at greater risk.
Our study showed that 21.6% of the deaths occurred while patients were on vancomycin, which represents a significant percentage, even though they were not directly correlated with cases of AKI. Another study noted that the development of AKI was significantly associated with a higher mortality rate within 28 days when related to nephrotoxicity by vancomycin (19%) than those who did not develop nephrotoxicity (5%), as said in the definition AKIN (Minejima et al., 2011) . Since this is an age group with much comorbidity or even due to the possibility of associations with other causes of nephrotoxicity, medical charts were also evaluated, as was the presence of other comorbidities, which were also not correlated to a higher nephrotoxicity risk factor as described in Table 2 .
According to the literature, risk factors for nephrotoxicity associated with vancomycin can be categorized as being related to vancomycin's formulation, the patient characteristics and nephrotoxic drugs administered concurrently (Carreno et al., 2014) . They are also associated with prolonged periods of hospitalization, increase in mortality and the need for renal replacement therapy (Carreno et al., 2014) .
As a strategy to limit the toxicity, prospect research can be used to improve understanding between the duration of vancomycin therapy and nephrotoxicity. In cases in which a prolonged exposure to the drug cannot be avoided, such as cases of endocarditis and osteomyelitis, aggressive monitoring schemes can be used to facilitate early detection of acute renal injury (Carreno et al., 2014; Gupta et al., 2011; Jeffres, Isakow, Doherty, Micek, & Kollef, 2007; Lodise, Lomaestro, Graves, & Drusano, 2008; Rybak et al., 2009b; Vandecasteele & De Vriese, 2010 .
Body weight, preexisting renal dysfunction and severe diseases are the three most important factors associated with nephrotoxicity by vancomycin therapy. In the assessment of some risk factors for AKI, such as sepsis and aminoglycosides and polymyxin B, the presence of sepsis was a factor for differential diagnosis for AKI, being more significantly identified than with the use of other nephrotoxic drugs (Table 2) .
Pre-existing renal dysfunction is associated with an increased risk of nephrotoxicity in patients treated with vancomycin (Carreno et al., 2014) . As discussed above in our study, the presence of previous changes of serum creatinine was a factor correlated with increased serum levels of Vanco and thus increased even more the risk of nephrotoxicity in the studied patients (Cano et al., 2012; Carreno et al., 2014; Hall et al., 2013; Hidayat, Hsu, Quist, Shriner, & Wong-Beringer, 2006; Horey, Mergenhagen, & Mattappallil, 2012; Pritchard et al., 2010; Satoskar, Nadasdy, Plaza, et al., 2006) .
In the study of the association between sepsis and nephrotoxicity induced by vancomycin, the fact of being in the intensive care unit (ICU) has been used as a marker by some authors (Davis, Scheetz, Bosso, Goff, & Rybak, 2013; van Hal & Fowler, 2013; Kullar, Davis, Taylor, Kaye, & Rybak, 2012; Roberts et al., 2014) . This association was initially found in our patients, however in the binary regression analysis, it was not a factor correlated to deteriorating renal function with increased vancomycin levels ( Table 3) .
Studies of combined clinical and observational trials (Cosgrove et al., 2009; Jeffres et al., 2007; Rybak, Albrecht, Boike, & Chandrasekar, 1990) , suggest that the concomitant use of aminoglycosides with vancomycin is associated with increased risk of nephrotoxicity. As we mentioned above, in our patients the usage of aminoglycosides was not correlated with the increase in Cr not with increased vancomycin levels. The vancomycin and other agents ratio, such as diuretics, anti-inflammatories, iodinated contrast agents amphotericin B, had inconclusive results. In our study, a positive correlation was found with the use of other agents evaluated, such as polymyxin B, amphotericin B, iodinated contrast media and NSAIDs. In any given case, the propensity for an increased risk of nephrotoxicity when there is a combination of vancomycin with other nephrotoxic drugs, the simultaneous use of those drugs should be avoided. When these associative therapies can't be avoided, patients should be closely monitored on a daily basis so as to minimize the length of use of these nephrotoxic drugs (Carreno et al., 2014) .
Based on the literature, the direction of any future research can help improve the safety of vancomycin usage, including: the use of alternative drugs to replace vancomycin, risk stratification, alternative dosage use and monitoring strategies (Carreno et al., 2014) .
Conclusions
In this study renal dysfunction occurred before the increase in vancomycin levels, which influenced the serum levels measured the following days. After the 5th day of dosing there was no such correlation, suggesting that the drug dosage adjustment according to renal dysfunction or suspension could have occurred and impacted of vancomycin levels. The laboratory evaluation of these patients, the elevation of vancomycin did not cause deterioration in renal function not after the toxic levels were identified.
Although AKI diagnosis was higher in patients with renal dysfunction prior to the use of the drug, a positive correlation was found between increased Cr levels and vancomycin levels in the elderly, male and septic patients. These were the factors which increased vancomycin levels the most and need greater attention.
There was no positive association of mortality with the presence of other comorbidities and use of other nephrotoxic drugs in this study, although regular monitoring of renal function is suggested with these known risk factors.
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